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LQYHVWLJDWHWKHG\QDPLFPHFKDQLFDODQGDFRXVWLFSURSHUWLHVRIHODVWRPHUVLQIUHTXHQF\GRPDLQ
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GHSHQGV RQ WKH WHPSHUDWXUH SUHVVXUH DQG IUHTXHQF\ &XUUHQWO\ WKH EURDGEDQG DFRXVWLF
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UHVRQDQFH  ZKLFK DUH DIIHFWHG E\ WHPSHUDWXUH DQG SUHVVXUH HVSHFLDOO\ IRU XQGHUZDWHU
FRQGLWLRQV8QGHUZDWHUDFRXVWLFPHDVXUHPHQWPHWKRGVKDYHEHHQGHYHORSHGWRGHWHUPLQHWKH
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
7DEOH,%DVLFUHODWLYHSURSHUWLHVRIHODVWRPHUVSHFLPHQV

5HODWLYH
SURSHUWLHV
7HQVLOH
VWUHQJWK
03D
7HDUVWUHQJWK
1FP
+DUGQHVV6KRUH
$
6WUDLQHQHUJ\
UHOHDVHUDWH
N-P
FKORURSUHQH
UXEEHU
VSHFLPHQ    
QHRSUHQH
UXEEHU
VSHFLPHQ    


  
6WRUDJHPRGXOXV3D




 
 

)LJ)ORZFKDUWIRU/HYHQEHUJ0DUTXDUGWPHWKRGWRREWDLQ+1SDUDPHWHUV
$IWHUILQGLQJWKH+1SDUDPHWHUVWKHH[SUHVVLRQIRUUHOD[DWLRQWLPHW FDQEHFDOFXODWHG
E\XVLQJ(TIRUJLYHQFRPSOH[<RXQJ¶VPRGXOXV  E Z DV

      ^ `ORJ H[S ORJ      H[S E E E Ei E DW Zf f    
'XULQJ '07$ WHVWV D VROLG F\OLQGHU FKORURSUHQH UXEEHU VSHFLPHQ ZLWK WKH GLDPHWHU RI
PPWKHKHLJKWRIPPDQGPDVVGHQVLW\RINJPLVXVHG5HODWLYHWHQVLOHDQG
PHFKDQLFDOSURSHUWLHVRIWKHFKORURSUHQHUXEEHUVSHFLPHQKDYHEHHQSURYLGHGLQ7DEOH,7KH
'07$GDWDIRUVWRUDJHPRGXOXVDQGWKHORVVIDFWRUDUHREWDLQHGDWGLIIHUHQWIUHTXHQF\SRLQWV
XQGHU&DQGURRPSUHVVXUH7DEOH,,VKRZVWKHLQLWLDODQGRSWLPL]HGYDOXHVRI E  Ef D 
E 6XEVWLWXWLQJWKHRSWLPL]HG+1SDUDPHWHUVLQWR(TDQGWKH:LFNHWFXUYHLVREWDLQHG
)LJUHSUHVHQWVWKH:LFNHWFXUYHDQGLWVFRPSDULVRQZLWKWKHH[SHULPHQWDOGDWD$VLWFDQEH
VHHQIURPWKHFRPSDULVRQWKHPRGHOSUHGLFWVWKHH[SHULPHQWDOGDWDYHU\ZHOO

)LJ:LFNHWILJXUHFRPSDULVRQRI+1PRGHODQG'07$PHDVXULQJGDWD
   
6WRUDJH0RGXOXV3D







+10RGHO5HVXOW
'07$0HDVXUHPHQW5HVXOW
7KH PHFKDQLFDO PDVWHU FXUYHV IRU VWRUDJH PRGXOXV DQG ORVV IDFWRU DUH H[SDQGHG LQWR
FRQWLQXRXVIUHTXHQF\UDQJHEDVHGRQ+1PRGHOLQ(TDQG)LJVKRZVWKDW'07$
GDWDILWVYHU\ZHOOZLWKWKHPDVWHUFXUYHV7KH+1EURDGEDQGPRGHOFDQEHHDVLO\H[SDQGHG
WRILW'07$GDWD
 DE
)LJ0HFKDQLFDOSDUDPHWHUH[SDQVLRQLQN+]IUHTXHQF\UDQJHE\+1PRGHODWKHVWRUDJH
PRGXOXVLQ&EWKHORVVIDFWRULQ&
%7KHLPSURYHPHQWRI:/)VKLIWIXQFWLRQ
%\XVLQJ:/):LOOLDPV/DQGHO)HUU\VKLIWIXQFWLRQWKHHIIHFWRIWHPSHUDWXUHIURP T WR
T RQ+1SDUDPHWHUVZLOOEHLQFOXGHGE\PRGLI\LQJWKHUHOD[DWLRQWLPHW DV
  
  
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
LQZKLFK TI LV WKH WHPSHUDWXUH WUDQVIHU IDFWRU  T LV WKH UHIHUHQFH WHPSHUDWXUHW DQG W DUH
WKH UHOD[DWLRQ WLPHV FRUUHVSRQGLQJ WR T DQG T  UHVSHFWLYHO\ C DQG C LQ (T  DUH
HPSLULFDOSDUDPHWHUVUHODWHGWRWKHUPDOH[SDQVLRQFRHIILFLHQWRQO\GHSHQGLQJRQWKHUHIHUHQFH
WHPSHUDWXUH T 
,I WKH UHIHUHQFH WHPSHUDWXUH T LV FKRVHQ DV JODVVWUDQVLHQW WHPSHUDWXUH WKH DSSUR[LPDWH
YDOXHV RI HPSLULFDO C DQG C SDUDPHWHUV DUH SURYLGHG E\ :LOOLDPV RWKHUZLVH WKHVH
SDUDPHWHUVQHHGWREHUHFDOFXODWHG7KHHPSLULFDOSDUDPHWHUVDUHUHFDOFXODWHGEDVHGRQQHZ
UHIHUHQFHWHPSHUDWXUH,WLVDVVXPHGWKDWWKHSUHYLRXVUHIHUHQFHWHPSHUDWXUHLVJODVVWUDQVLHQW
WHPSHUDWXUH T DQGWKHQHZUHIHUHQFHWHPSHUDWXUHLV MT T T ' 7KHHPSLULFDOSDUDPHWHUV
Cc DQG Cc ZLWKUHVSHFWWR MT DUHREWDLQHGDV

 


 
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C T
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­ c  °  '®° c   '¯
 
,WLVZRUWKQRWLQJWKDWWKHHPSLULFDOSDUDPHWHUVLQ:/)VKLIWIXQFWLRQFDQEHWUDQVIRUPHG
ZLWK UHVSHFW WR UHIHUHQFH WHPSHUDWXUHV 7KH YDOXHV RI Cc  Cc IRU WKH GLIIHUHQW UHIHUHQFH
WHPSHUDWXUHV MT FDQ EH FDOFXODWHG E\ XVLQJ (T  LQ ZKLFK C  C DUH GHWHUPLQHG DW D
FHUWDLQUHIHUHQFHWHPSHUDWXUH T VXFKDVJODVVWUDQVLHQWWHPSHUDWXUH gT 
$GGLWLRQDOO\SUHVVXUHKDVDOVRVLJQLILFDQWHIIHFWRQWKHPHFKDQLFDOSURSHUWLHVRIHODVWRPHUV
     
)UHTXHQF\+]



&([SDQGLQJ5HVXOW
&'07$'DWD
     
)UHTXHQF\+]




&([SDQGLQJ5HVXOW
&'07$'DWD
7KLVSKHQRPHQRQKDVEHHQZHOOH[SODLQHGE\/RVLDQG.QDXVV,WLVEDVHGRQWKHIUHHYROXPH
WKHRU\RIHODVWRPHUV7KHKLJKHUSUHVVXUHOHDGVWRWKHOHVVDYDLODEOHIUHHYROXPHZKLFKPHDQV
WKHWKHUPDOUHVSRQVHRIWKHHODVWRPHULVPXFKFORVHUWRWKDWDWWKHJODVVWUDQVLWLRQWHPSHUDWXUH
7KH WUDQVIHU IDFWRU LQ (T  FDQ EH PRGLILHG E\ LQFOXGLQJ WKH HIIHFW RI SUHVVXUH P DQG
WHPSHUDWXUHT DV
 

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ZKHUH MT LVWKHUHIHUHQFHWHPSHUDWXUH Ccˈ Cc DUHWKHHPSLULFDOSDUDPHWHUVDWWHPSHUDWXUH
MT 
&7KHHVWDEOLVKPHQWRI+1WHPSHUDWXUHSUHVVXUHPRGHO
7KHWKHUPDOUHVSRQVHRIWKHHODVWRPHUKLJKO\GHSHQGVRQWHPSHUDWXUHDQGSUHVVXUH%DVHG
RQ '07$ GDWD RI WKH VWRUDJH PRGXOXV DQG WKH ORVV IDFWRU DW FRQVWDQW WHPSHUDWXUH MT DQG
SUHVVXUH MP  MP LVXVXDOO\VSHFLILHGDVURRPSUHVVXUHWKHUHOD[DWLRQWLPH  M MT PW LQWKLV
FRQGLWLRQFDQEHFDOFXODWHGE\XVLQJ(T
7KHUHOD[DWLRQWLPH  T PW IRUGLIIHUHQWWHPSHUDWXUHVDQGSUHVVXUHVFDQEHGHWHUPLQHGE\
      M M T PT P T PW W I  
LQZKLFK T PI LVWKHWUDQVIHUIDFWRUIURP  M MT P WR  T P 
6LPLODUO\WKHVWRUDJHPRGXOXVIRUGLIIHUHQWWHPSHUDWXUHVDQGSUHVVXUHVFDQEHREWDLQHGE\
PRGLI\LQJWKHUHOD[DWLRQWLPHW DV
   >    @ >     @M M T PE T P E T PZ W Z W I  
7KHHIIHFWRISUHVVXUHRQJODVVWUDQVLHQWWHPSHUDWXUHFDQEHH[SUHVVHGDV
   g P gT T PN  u'  
LQZKLFK   g PT LV WKHJODVVWUDQVLHQWWHPSHUDWXUHDWSUHVVXUH P DQG gT LV WKHJODVVWUDQVLHQW
WHPSHUDWXUH DW URRPSUHVVXUH *HQHUDOO\ K MPaN   IRU PRVW UXEEHUOLNH PDWHULDO
7KHUHIRUH(TEHFRPHV
    g P gT T P  u'  
$FFRUGLQJWR:/)HTXDWLRQWKHWUDQVIHUIDFWRU gT pI IRUHQYLURQPHQWDOFRQGLWLRQT  P 
FDQEHGHWHUPLQHGE\IROORZLQJHTXDWLRQ
 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LQ ZKLFK C DQG C DUH HPSLULFDO SDUDPHWHUV DW WHPSHUDWXUH gT  2Q WKH RWKHU KDQG LI WKH
'07$PHDVXUHPHQWWHPSHUDWXUH MT LVFKRVHQDVWKHUHIHUHQFHWHPSHUDWXUHWKHWUDQVIHUIDFWRU
MT pI IRUHQYLURQPHQWDOFRQGLWLRQT  P EHFRPHV
   


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
+HUH Cc DQG Cc DUHHPSLULFDOSDUDPHWHUVDWWHPSHUDWXUH MT DQGFDQEHHYDOXDWHGE\(T
VLQFH WKH HIIHFW RI SUHVVXUH RQ :/) HPSLULFDO SDUDPHWHUV LV LJQRUDEOH +HQFH WKH +1
WHPSHUDWXUHSUHVVXUHPRGHOIRUDQ\HQYLURQPHQWDOFRQGLWLRQT  P FDQEHGHULYHGEDVHGRQ
WKHPHFKDQLFDOUHVSRQVHXQGHUWKHFRQGLWLRQ MT  MP DV



 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ċ5(/$7,212)0(&+$1,&$/$1'$&2867,&3(5)250$1&(
$7KHUHODWLRQRISK\VLFDOSDUDPHWHUVDQGPHFKDQLFDOSURSHUWLHV
7KHUHODWLRQEHWZHHQFRPSOH[<RXQJ¶VPRGXOXVDQGORVVDQJOHT FDQEHUHSUHVHQWHGDV
  FRV VLQ E E iT T   
ZKHUH U LVWKHPDWHULDOGHQVLW\ c LVWKHZDYHVSHHGDPSOLWXGHDQG E cU LVWKHDPSOLWXGH
RI FRPSOH[ <RXQJ¶V PRGXOXV 7KH VWRUDJH PRGXOXV UHSUHVHQWV WKH UHDO SDUW RI FRPSOH[
<RXQJ¶VPRGXOXVDV
  FRVE cU Tc   
7KHUHIRUHWKHORQJLWXGHZDYHYHORFLW\FDQEHGHWHUPLQHGDV
   FRV c E U Tc   
7KHFRPSOH[ZDYHQXPEHUFDQEHUHSUHVHQWHGLQWHUPVRIZDYHIUHTXHQF\FRPSOH[<RXQJ¶V
PRGXOXVDQGPDWHULDOGHQVLW\DV

 
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ZKHUH E LVWKHDWWHQXDWLRQFRHIILFLHQWDQGLWFDQEHGHILQHGDV
  FRV  VLQ E
U T TE Z c  
%7KHUHODWLRQRISK\VLFDOSDUDPHWHUVDQGDFRXVWLFSHUIRUPDQFH
)LJ  UHSUHVHQWV WKH DFRXVWLF SHUIRUPDQFH WHVW E\ ZDWHUILOOHG WXEH 'XULQJ WKH WHVW WKH
HODVWRPHUVSHFLPHQLVSODFHGLQWKHWHUPLQDORIWKHZDWHUILOOHGWXEH
)LJ:DYHSURSDJDWLRQSURFHVVLQHODVWRPHUVSHFLPHQ
,QRUGHUWRJHWDUHODWLRQEHWZHHQWKHSK\VLFDOSDUDPHWHUVDQGDFRXVWLFSHUIRUPDQFHLWLV
DVVXPHGWKDWWKHVSHFLPHQZDWHUDQGDLUDUHVHPLLQILQLWHDQGKRPRJHQHRXVPHGLD,WLVDOVR
FRQVLGHUHGWKDWWKHSODQHVRXQGZDYHLVLQFLGHQWWRZDUGWKHVSHFLPHQVXUIDFHWKURXJKWKHZDWHU
7KH FKDUDFWHULVWLF LPSHGDQFH RI WKH ZDWHU FDQ EH H[SUHVVHG DV
 
    3D VPwater waterZ cU  u  WKHFKDUDFWHULVWLFLPSHGDQFHRIWKHHODVWRPHUVSHFLPHQ
LV  specimen specimenZ cU   DQG WKH FKDUDFWHULVWLF LPSHGDQFH RI WKH DLU LV

  3D VPair airZ cU   UHVSHFWLYHO\
$IWHUPXOWLUHIOHFWLRQDQGWUDQVPLVVLRQEHWZHHQIURQWDQGUHDUOD\HUVRIWKHVSHFLPHQWKH
LQWHUQDOVSDWLDOVRXQGSUHVVXUH P WKHSDUWLFOHYLEUDWLRQYHORFLW\ v DQGWKHLQSXWLPSHGDQFH
inZ RIWKHVSHFLPHQFDQEHUHSUHVHQWHGDV
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$FFRUGLQJWRVRXQGSUHVVXUHDQGLPSHGDQFHFRQWLQXLW\FULWHULDDWWKHLQWHUIDFHDW x  WKH
FRPSOH[FRHIILFLHQWVRIVRXQGUHIOHFWLRQDQGWUDQVPLVVLRQDUHGHWHUPLQHGDV
      
     
 FRV  VLQ  FRV  VLQ
Z Z Z kd i Z Z Z kd
r
Z Z Z kd i Z Z Z kd
  
    
   
     

 FRV  VLQ
Z Z
t
Z Z Z kd i Z Z Z kd
     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)LQDOO\DFRXVWLFDEVRUSWLRQFRHIILFLHQWFDQEHH[SUHVVHGDV
  a r t    
Č7+(3(5)250$1&(35(',&7,215(68/7)25$1(/$6720(5
63(&,0(1
$7KHPHFKDQLFDODQGDFRXVWLFSHUIRUPDQFHSUHGLFWLRQLQGLIIHUHQWH[WHUQDOFRQGLWLRQ
$QHRSUHQHUXEEHUVSHFLPHQZLWKWKHGLDPHWHURIPPDQGWKHWKLFNQHVVRIPPLV
XVHG LQ PHFKDQLFDO DQG DFRXVWLF H[SHULPHQWV 7KH VSHFLPHQ LV IDEULFDWHG E\ SHULRGLFDOO\
DUUD\LQJFRQLFDODLUFDYLWLHVLQWKHQHRSUHQHUXEEHUPDWUL[ZLWKODWWLFHFRQVWDQW PPa  
DVVKRZQLQ)LJ7KHDLUFDYLWLHVLQWKHVSHFLPHQKDYHGLDPHWHURIPPKHLJKWRIPP
DQG WKH WLS DQJOH RID 7KHPDVVGHQVLW\ RI QHRSUHQH UXEEHU LV NJP5HODWLYH
WHQVLOHDQGPHFKDQLFDOSURSHUWLHVRIWKHQHRSUHQHUXEEHUVSHFLPHQKDYHEHHQSURYLGHGLQ7DEOH
,
 
DE
)LJ6FKHPDWLFGLDJUDPRIWKHVSHFLPHQ%DWKHVWUXFWXUHRIWKHVSHFLPHQZLWKSHULRGLFDODLUFDYLWLHVLQ
WKHQHRSUHQHUXEEHUEWKHFURVVVHFWLRQRIWKHVSHFLPHQ
7KHVWRUDJHPRGXOXVWKHORVVIDFWRUDQGWKHDEVRUSWLRQFRHIILFLHQWGDWDDUHREWDLQHGDWURRP
SUHVVXUHDQGDWYDULRXVWHPSHUDWXUHV&&&&7KHVWRUDJHPRGXOXVDQGORVV
IDFWRUDUHPHDVXUHGE\'07$H[SHULPHQWZKLOHDEVRUSWLRQFRHIILFLHQWLVPHDVXUHGE\ZDWHU
ILOOHGWXEHH[SHULPHQWXVLQJWUDQVIHUIXQFWLRQPHWKRG
7KH+1PRGHOLVHVWDEOLVKHGEDVHGRQWKH'07$GDWDLQFOXGLQJVWRUDJHPRGXOXVDQGORVV
IDFWRU PHDVXUHG DW & DQG DW URRPSUHVVXUH7KH +1 SDUDPHWHUV DUH REWDLQHG E\ XVLQJ
0$7/$%RSWLPL]DWLRQWRROER[DVGHVFULEHGLQ6HFWLRQ,,$7DEOH,,VXPPDUL]HVWKHLQLWLDO
DQGRSWLPL]HGYDOXHVRIIRXUHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUV7KHUHOD[DWLRQWLPHIRUWKLV
HQYLURQPHQWDOFRQGLWLRQLVGHULYHGE\XVLQJ(T$IWHUFDOFXODWLQJWKH+1SDUDPHWHUVWKH
HPSLULFDOSDUDPHWHUVIRU:/)VKLIWIXQFWLRQDUHFDOFXODWHGE\XVLQJ(TDV  C c  DQG
 C c  
7DEOH,,,QLWLDOYDOXHVDQGRSWLPL]HGYDOXHVRIPRGHOSDUDPHWHUV

 3DUDPHWHU   3DE   3DEf  D  E 
FKORURSUHQH
UXEEHU
VSHFLPHQ
,QLWLDO9DOXH  u   u   
2SWLPL]HG
9DOXH  u   u   
QHRSUHQH
UXEEHU
VSHFLPHQ
,QLWLDO9DOXH  u   u   
2SWLPL]HG
9DOXH  u   u   
%DVHGRQ+1WHPSHUDWXUHSUHVVXUHPRGHOGHVFULEHGLQ6HFWLRQ,,&WKHVWRUDJHPRGXOXVLV
FDOFXODWHGE\XVLQJ(TORVVIDFWRULVFDOFXODWHGE\XVLQJ(TDQGDEVRUSWLRQFRHIILFLHQW
LVFDOFXODWHGE\XVLQJ(T7KHSUHGLFWHGDQGPHDVXUHGPHFKDQLFDODQGDFRXVWLFSURSHUWLHV
DV D IXQFWLRQRI IUHTXHQF\DVSUHVHQWHG LQ)LJ $V LW FDQEH VHHQ IURP WKH UHVXOWV WKH
SURSRVHGPRGHOSUHGLFWVWKHH[SHULPHQWDOUHVXOWVYHU\ZHOO
)LJ&RPSDULVRQRISUHGLFWHGVWRUDJHPRGXOXVZLWKH[SHULPHQWDOUHVXOWVDWGLIIHUHQWWHPSHUDWXUHVFRORU
RQOLQH
)LJ&RPSDULVRQRISUHGLFWHGORVVIDFWRUZLWKH[SHULPHQWDOUHVXOWVDWGLIIHUHQWWHPSHUDWXUHVFRORURQOLQH

)LJ&RPSDULVRQRISUHGLFWHGVRXQGDEVRUSWLRQZLWKH[SHULPHQWDOUHVXOWVDWGLIIHUHQWWHPSHUDWXUHVFRORU
RQOLQH
$VLWFDQEHVHHQIURP)LJWKHSUHGLFWHGVWRUDJHPRGXOXVFRPSDUHVYHU\ZHOOZLWKWKH
H[SHULPHQWDOPHDVXUHPHQWV7KHPD[LPXPGHYLDWLRQEHWZHHQWKHSUHGLFWHGDQGH[SHULPHQWDO
GDWD REVHUYHGDW +]DW& LV 2Q WKHRWKHUKDQG IRUKLJKHU WHPSHUDWXUHV WKH
PD[LPXPGHYLDWLRQGHFUHDVHVGRZQWR
6LPLODUO\DVLWFDQEHVHHQIURP)LJLQKLJKIUHTXHQF\UDQJHWKHPD[LPXPGHYLDWLRQ
EHWZHHQWKHSUHGLFWHGDQGH[SHULPHQWDOGDWDIRUORVVIDFWRUGHFUHDVHVIURPWRZLWK
WKH LQFUHDVLQJRI WHPSHUDWXUH2Q WKHRWKHUKDQG LQ ORZ IUHTXHQF\ UDQJHEHORZ+] WKH
PD[LPXPGHYLDWLRQEHWZHHQWKHSUHGLFWHGDQGH[SHULPHQWDOGDWDIRUORVVIDFWRUUHPDLQ
IRUHDFKWHPSHUDWXUHFRQGLWLRQ,WLVDOVRREVHUYHGWKDWWKHPHDVXUHGORVVIDFWRUGDWDDUHVOLJKWO\
ODUJHUWKDQWKHPRGHOSUHGLFWLRQVLQDOOIUHTXHQF\UDQJH
)RUWKHVRXQGDEVRUSWLRQFRHIILFLHQWPRGHOSUHGLFWLRQUHSUHVHQWHGE\VROLGOLQHVFRYHUWKH
ZKROHIUHTXHQF\UDQJHIURPN+]ZLWKVLPLODUDEVRUSWLRQYDOXHVRILQWKHRULJLQ
SRLQWVIRUGLIIHUHQWWHPSHUDWXUHVZKLOHWKHH[SHULPHQWDOUHVXOWVUHSUHVHQWHGE\GDVKOLQHVZLWK
VWDUVDUHGLVFUHWL]HGGDWDZKLFKDUHREWDLQHGDW+]IRU&DQG+]IRU&&DQG
&UHVSHFWLYHO\$VLWFDQEHVHHQLQ)LJWKHVRXQGDEVRUSWLRQFRHIILFLHQWVSUHGLFWHGE\
WKHPRGHODUHLQJRRGDJUHHPHQWZLWKPHDVXUHPHQWGDWDHVSHFLDOO\QHDUWKHDEVRUSWLRQSHDN
EHORZ N+] ,Q WKH IUHTXHQF\ UDQJH DERYH N+] WKHUH LV VWLOO D JRRG DJUHHPHQW EHWZHHQ
SUHGLFWHG DQG PHDVXUHG GDWD DW & DQG & 2Q WKH RWKHU KDQG PD[LPXP GHYLDWLRQ
EHWZHHQWKHSUHGLFWHGDQGH[SHULPHQWDOGDWDLVIRU&DQG&$VLWFDQEHREVHUYHG
IURPWKHILJXUHWKHPHDVXUHGGDWDVKRZVLQVWDELOLWLHVDWWKHVHWHPSHUDWXUHV7ZRDEVRUSWLRQ
SHDNVDUHREVHUYHGDWDURXQGIUHTXHQFLHV+]DQG+]7KHDLUFDYLWLHVLQWKHVWUXFWXUH
FDXVHWKHIULFWLRQEHWZHHQWKHDLUDQGQHRSUHQHUXEEHU$VDUHVXOWWZRPRGHVRIDEVRUSWLRQ
SHDNVDSSHDULQWKHREVHUYHGIUHTXHQF\UDQJH7KHDEVRUSWLRQSHDNVOLJKWO\PRYHVWRWKHORZ
IUHTXHQF\UDQJHDQGWKHDPSOLWXGHGHFUHDVHVDVWKHWHPSHUDWXUHLQFUHDVHV
)XUWKHUPRUH WKH PHFKDQLFDO DQG DFRXVWLF UHVSRQVHV RI WKH VSHFLPHQ LQ ZLGH IUHTXHQF\
GRPDLQDWSUHVVXUHUDQJH03D03DZLWKLQWHUYDORI03DDQGWHPSHUDWXUHUDQJH&
&ZLWKLQWHUYDORI&KDYHEHHQSUHGLFWHGE\XVLQJWKHSURSRVHGPRGHO$VVKRZQLQ)LJ
 WKH VWRUDJH PRGXOXV ORVV IDFWRU DQG VRXQG DEVRUSWLRQ GHSHQG RQ WHPSHUDWXUH DQG
SUHVVXUH$V WKH WHPSHUDWXUHGHFUHDVHV VWRUDJHPRGXOXV LQFUHDVHV DV VKRZQ LQ)LJ DQG
LQFUHDVLQJUDWHRIVWRUDJHPRGXOXVLVODUJHULQORZHUSUHVVXUHV
0HDQZKLOHWKHORVVSHDNPRYHVWRZDUGVORZIUHTXHQF\UDQJHLQKLJKHUSUHVVXUHVDQGORZHU
WHPSHUDWXUHVDVVKRZQLQ)LJ$VIRUDEVRUSWLRQFRHIILFLHQWVKRZQLQ)LJSUHVVXUHULVH
OHDGVWRDEVRUSWLRQFRHIILFLHQWGURSZKLFKLVPRUHVLJQLILFDQWLQORZHUWHPSHUDWXUHV7KRVH
FKDUDFWHULVWLFVDUHLGHQWLFDOWRWKHQHRSUHQHUXEEHUSHUIRUPDQFHLQSUDFWLFDODSSOLFDWLRQV

)LJ3UHGLFWLRQRIVWRUDJHPRGXOXVDWDUDQJHRIWHPSHUDWXUHDQGSUHVVXUHFRORURQOLQH
 
)LJ3UHGLFWLRQRIORVVIDFWRUDWDUDQJHRIWHPSHUDWXUHDQGSUHVVXUHFRORURQOLQH

)LJ3UHGLFWLRQRIVRXQGDEVRUSWLRQDWDUDQJHRIWHPSHUDWXUHDQGSUHVVXUHFRORURQOLQH

%7KHPXOWLSOHSDUDPHWHUVVHQVLWLYLW\DQDO\VLVRI+1WHPSHUDWXUHSUHVVXUHPRGHO
7KHVHQVLWLYLW\DQDO\VLVRIHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUV LQ+1PRGHO LVXVHG WR
LQYHVWLJDWHWKHHIIHFWRIHDFKSDUDPHWHURQPHFKDQLFDODQGDFRXVWLFUHVSRQVHVZKLFKOHDGVWR
DEHWWHUIRXQGDWLRQIRUVWUXFWXUDOGHVLJQRIHODVWRPHUV
,QRUGHU WRFDOFXODWH WKHHIIHFWRIHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUVD  E  E  Ef RQ
PHFKDQLFDO DQG DFRXVWLF SURSHUWLHV Ec  WDQG  a  LQFUHPHQWDO YDOXH RI HDFK HQYLURQPHQW
LQGHSHQGHQW SDUDPHWHU DUH VXFFHVVLYHO\ VXEVWLWXWHG LQWR +1 PRGHO E\ NHHSLQJ RWKHU
SDUDPHWHUV DW WKHLU RSWLPL]HG YDOXHV  7DEOH ,,, VKRZV WKH UDQJH RI HDFK HQYLURQPHQW
LQGHSHQGHQWSDUDPHWHU)RXUWKFROXPQLQ7DEOH,,,UHSUHVHQWV WKHRSWLPL]HGYDOXHVIRUHDFK
HQYLURQPHQWLQGHSHQGHQWSDUDPHWHU
1H[WWKH506URRWPHDQVTXDUHYDOXHRIPHFKDQLFDODQGDFRXVWLFSURSHUWLHVDUHFDOFXODWHG
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ZKHUH1UHSUHVHQWVWKHWRWDOQXPEHURIIUHTXHQF\SRLQWV x UHSUHVHQWVWKHUHVSRQVHRIHDFK
SDUDPHWHUDWFRUUHVSRQGLQJIUHTXHQF\SRLQW
7DEOH,,,(QYLURQPHQWLQGHSHQGHQWSDUDPHWHUVLQFUHPHQWDOYDOXHV
3DUDPHWHU       
D        
E        
  3DE   u   u   u   u   u   u   u 
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 u 
7KH506FXUYHVIRUPHFKDQLFDODQGDFRXVWLFSURSHUWLHVDUHVKRZQLQ)LJ7KHVHFXUYHV
UHIOHFW WKH FKDQJH RI HDFK PHFKDQLFDO DQG DFRXVWLF SURSHUW\ IRU D UDQJH RI IUHTXHQF\ DQG
HQYLURQPHQWLQGHSHQGHQWSDUDPHWHUV$VREVHUYHGIURPWKHUHVXOWVLQFUHDVLQJ Ef D DQG E 
OHDGVWRODUJHU506YDOXHVRIDEVRUSWLRQSDUDPHWHUZKLFKPHDQVEHWWHUDFRXVWLFDODEVRUSWLYLW\
 D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G
)LJ,QIOXHQFHRIDD E E F E DQGG Ef WRWKH506RIHDFKWDUJHWVWRUDJHPRGXOXV Ec ORVVIDFWRU
WDQ G DQGDEVRUSWLRQFRHIILFLHQW a FRORURQOLQH
)XUWKHUPRUHVHQVLWLYLW\DQDO\VLVFDQEHREWDLQHGE\SHUWXUEDWLRQPHWKRGEDVHGRQWKH506
FXUYHV
7KH VHQVLWLYLW\ RI HDFK HQYLURQPHQWLQGHSHQGHQW SDUDPHWHU WR PHFKDQLFDO DQG DFRXVWLF
SURSHUWLHVFDQEHH[SUHVVHGDV
 > @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
ZKHUH x UHSUHVHQWVWKHHQYLURQPHQWLQGHSHQGHQWSDUDPHWHU B UHSUHVHQWVWKHPHFKDQLFDODQG
DFRXVWLFSURSHUW\DQG i UHSUHVHQWVQXPEHURILQWHUYDO     i  " 

7KHSDUDPHWHUVHQVLWLYLW\IRUWKHZKROHIHDVLEOHUHJLRQFDQEHREWDLQHGE\
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7KHHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUVVHQVLWLYLW\DQDO\VLVUHVXOWVDUHVKRZQLQ7DEOH,9
,WLVIRXQGWKDWWKHSDUDPHWHU E KDVVLJQLILFDQWHIIHFWRQWKHVWRUDJHPRGXOXVZLWKUHVSHFWWR
RWKHUSDUDPHWHUV 7KHSDUDPHWHUD KDVVLJQLILFDQWHIIHFW IRU WKH ORVVIDFWRUDQGDEVRUSWLRQ
FRHIILFLHQW

7DEOH,96HQVLWLYLW\DQDO\VLVUHVXOWRIHQYLURQPHQWLQGHSHQGHQW3DUDPHWHUV
 6WRUDJH0RGXOXV3D /RVV)DFWRU $EVRUSWLRQ&RHIILFLHQW
D    
E    
  3DE   u   u   u 
 3DEf   u   u   u 

č&RQFOXVLRQ
7KHPDLQREMHFWLYHRIWKLVVWXG\LVWRGHYHORSDSUHGLFWLRQPRGHOIRUPHFKDQLFDODQGDFRXVWLF
SHUIRUPDQFH RI HODVWRPHUV LQ GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV ,W VSHFLDOO\ FRQFHUQV WKH
LPSURYHPHQWRI+1PRGHODQG:/)VKLIWIXQFWLRQ7KH+1WHPSHUDWXUHSUHVVXUHPRGHOLV
H[SUHVVHG EDVHG RQ WKH '07$ GDWD IRU OLPLWHG IUHTXHQF\ SRLQWV DQG VLQJOH HQYLURQPHQWDO
FRQGLWLRQV 7KH DEVRUSWLRQ SDUDPHWHU LV GHWHUPLQHG E\ XVLQJ PHFKDQLFDO SURSHUWLHV 7KH
VHQVLWLYLW\DQDO\VLVIRUIRXUHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUVLQ+1PRGHOLVFRQVWUXFWHG
IRUDUDQJHRIVWRUDJHPRGXOXVORVVIDFWRUDQGDEVRUSWLRQFRHIILFLHQW7KHSUHGLFWHGUHVXOWVIRU
PHFKDQLFDODQGDFRXVWLFUHVSRQVHFRQFHUQLQJGLIIHUHQWWHPSHUDWXUHVDQGSUHVVXUHVDUHYHULILHG
E\FRPSDULQJWKHPZLWKH[SHULPHQWDOGDWD
$V D IXUWKHU LQYHVWLJDWLRQ RQ G\QDPLF SHUIRUPDQFH PRGHO DFWLYH GDPSLQJ EHKDYLRXU RI
VPDUWPDJQHWRUKHRORJLFDOPDWHULDOZKLFKFDQEHXWLOL]HGIRUDQHFKRLFFRDWLQJDQGYLEUDWLRQ
GDPSLQJLQVXEPDULQHVZLOOEHFRQVLGHUHG

$&.12:/(*0(17
7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
*UDQWV1RVDQGWKH1DWLRQDO.H\5HVHDUFKDQG'HYHORSPHQW3URJUDP
RI &KLQD *UDQW 1R <))  WKH 6KDDQ[L 3URYLQFH ,QGXVWULDO 6FLHQFH DQG
7HFKQRORJ\ 3URMHFW *UDQW 1R *< DQG WKH ,QWHUQDWLRQDO &RRSHUDWLRQ 7UDLQLQJ
3URJUDPIRUWKH,QQRYDWLYH7DOHQWVRI&KLQD6FKRODUVKLS&RXQFLO


5()(5(1&(6
-+=KX<6:DQJ4=:HQDQG65<$27KHGHYHORSPHQWDQGDSSOLFDWLRQRIXQGHUZDWHUDFRXVWLF
DEVRUSWLRQSRO\PHUPDWHULDOV3RO\PHU0DWHULDOV6FLHQFHDQG(QJLQHHULQJ
$:1ROOH$FRXVWLF'HWHUPLQDWLRQRIWKH3K\VLFDO&RQVWDQWVRI5XEEHUǦ/LNH0DWHULDOV7KH-RXUQDORIWKH
$FRXVWLFDO6RFLHW\RI$PHULFD
50HW]OHUDQG7)1RQQHQPDFKHU)UDFWLRQDOUHOD[DWLRQSURFHVVHVDQGIUDFWLRQDOUKHRORJLFDOPRGHOVIRUWKH
GHVFULSWLRQRIDFODVVRIYLVFRHODVWLFPDWHULDOV,QWHUQDWLRQDO-RXUQDORI3ODVWLFLW\
50HW]OHU:6FKLFN+*.LOLDQDQG7)1RQQHQPDFKHU5HOD[DWLRQLQILOOHGSRO\PHUV$IUDFWLRQDOFDOFXOXV
DSSURDFK7KH-RXUQDORI&KHPLFDO3K\VLFV
.'LHWKHOPDQG$')UHHG2QWKHVROXWLRQRIQRQOLQHDUIUDFWLRQDORUGHUGLIIHUHQWLDOHTXDWLRQVXVHGLQWKH
PRGHOLQJRIYLVFRSODVWLFLW\,Q6FLHQWLILF&RPSXWLQJLQ&KHPLFDO(QJLQHHULQJ,,6SULQJHU%HUOLQ+HLGHOEHUJ

+6FKLHVVHO50HW]OHU$%OXPHQDQG7)1RQQHQPDFKHU*HQHUDOL]HGYLVFRHODVWLFPRGHOVWKHLUIUDFWLRQDO
HTXDWLRQVZLWKVROXWLRQV-RXUQDORISK\VLFV$0DWKHPDWLFDODQG*HQHUDO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